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Description 

The present invention relates to novel l-ethyl-e-fiuoro-^Wihydro-A-oxo-y-d-piperazinyO-l^- 
naphthyridine-3-carboxylic acid • sesquihydrate, processes for the preparation thereof, a pharmaceutical 
5 composition containing it and also its use. 

1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-l f 8-naphthyridine-3-carboxylic acid (this 
compound is sometimes referred to as "AT-2266" hereinafter) is expressed by the following structural 
formula. 
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15 




COOH 



Methods for synthesizing the AT-2266 and the usefulness of the AT-2266 as a chemotherapeutic agent 
were already disclosed in the specification of European Laid-Open Patent Publication Number 9425, April 2, 
20 1980, Bulletin Number 80/7. The European Patent Specification generally describes that the AT-2266, etc. 
may exist in the form of a hydrate, but fails to give any specific description about the AT-2266 hydrate. 

British Laid-Open Patent Publication Number 2034698 A discloses AT-2266 and its hydrates and acid 
addition salts. No specific statement is made, however, about methods for producing AT-2266 and its 
hydrates. 

25 The present inventors have continued to study the physical and chemical properties of the AT-2266 and 
found that AT-2266 can exist in the form of a trihydrate as well as in anhydrous form. Specifically, they have 
found that contacting of anhydrous AT-2266 (this compound is sometimes referred to as "anhydrate" 
hereinafter) with water at room temperature results in the ready conversion of the anhydrate into 
AT-2266 ■ trihydrate (this compound is sometimes referred to as "trihydrate" hereinafter) and the 

30 trihydrate is converted back into the anhydrous form by drying it. Moreover, both the anhydrate and the 
trihydrate have been found to be unstable to light. 

Hence, in the preparation of these compounds and pharmaceutical preparations, such as tablets, 
containing these compounds, the operations must be carried out under shielding of light with sufficient 
attention to absorption or desorption of water of crystallization. During storage and handling, too, these 

35 products must be protected from light, heat and/or atmospheric moisture. More specifically, a room in 
which to handle the anhydrate must be kept at the lowest possible humidity, and conversely, a room in 
which to handle the trihydrate must be kept at the lowest possible temperature and the highest possible 
humidity. Moreover, these rooms should be as dark as possible, and preferably darkrooms. Unless all of 
these conditions are provided, these compounds or preparations containing these compounds would 

40 change in weight, and/or turn yellow, and thus would not serve for practical purposes and lose their 
commercial value. 

In particular, difficulty is encountered in the production of pharmaceutical preparations such as tablets 
which contain the trihydrate because all of the steps of production must be carried out under conditions 
which do not cause the loss of its water of crystallization. For example, even when the trihydrate is used in 
45 preparing tablets, its water of crystallization is lost during a drying step usually carried out at 40° — 50°C, and 
tablets containing only the trihydrate cannot be obtained. The resulting tablets contain either a mixture of 
the anhydrate and the trihydrate or only the anhydrate. 

Accordingly, these compounds still have great defects. 

The present inventors furthered their studies on these compounds, and finally found that AT- 
50 2266 • sesquihydrate is unexpectedly much more stable than the anhydrate and the trihydrate. 

It has been ascertained by X-ray diffraction analysis, IR spectrum, thermal analysis, etc. that the 
AT-2266 • sesquihydrate (this compound may sometimes be abbreviated as "sesquihydrate" hereinafter) 
of the present invention is definitely different from the anhydrate and the trihydrate. As will be described 
below in greater detail, the AT-2266 • sesquihydrate is much more stable to heat changes of humidity, 
55 light, etc. than the anhydrate and the trihydrate, and is superior to the anhydrate in the rate of dissolution 
and transference into the body through the intestines. Thus, the compound of the invention is especially 
valuable as a pharmaceutical compound. 

(1) The compound of the present invention, the AT-2266 sesquihydrate, is prepared as follows: 
60 It is prepared by heating the AT-2266 in the form of the anhydrate, the trihydrate or a salt thereof at a 
temperature of above about 60°C in the presence of water in an amount sufficient to form the 
sesquihydrate. In the case of using the trihydrate as the raw material, it can be converted into the 
sesquihydrate by heating it without external addition of water so long as the heating is effected in a sealed 
vessel such as a sealed tube. To convert the anhydrate into the sesquihydrate, water is required in an 
65 amount of at least 1.5 equivalents per equivalent of the anhydrate. Advantageously, the heating is carried 
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out in the presence of an excess of water irrespective of which raw material is to be used. Water may be 
caused to be present in the form of a liquid, moisture, wet or dry steam, or the like. 

Investigations of the present inventors have shown that when heated in the presence of water (or, in 
the case of the trihydrate, also in the absence of additional water, the anhydrous AT-2266 and the 

5 AT-2266 • trihydrate begin to form crystals of the AT-2266 • sesquihydrate at above about 60°C. 
Accordingly, in the sesquihydrate is a very special crystal, and in the production of the sesquihydrate, 
energy corresponding to a temperature of at least about 60°C must be applied to AT-2266 (anhydrate or 
trihydrate) in the presence of a suitable amount of water. Otherwise, the transformation to the 
sesquihydrate crystals would not occur. The heating temperature is at least about 60°C and up to the 

w minimum temperature at which AT-2266 is decomposed. Thus, there is no particular restriction on the 
upper limit of the heating temperature, but heating to a temperature of more than 160°C is not particularly 
advantageous. Generally, the heating temperature is about 60 to about 160°C, preferably 61 to about 130°C, 
especially preferably about 70 to about 100°C. When the heating temperature is more than 100°C, the 
heating is preferably carried out in a closed atmosphere. The heating time varies greatly depending upon 

15 the heating temperature and/or the amount of water. Usually, it is 5 minutes to 5 weeks. 
Some preferred embodiments of production are given below. 

i) The anhydrous AT-2266 or the AT-2266 trihydrate is heated at a temperature above about 60°C and a 
relative humidity above 30% and more particularly above 80% to give the AT-2266 • sesquihydrate. The 

20 rate of conversion into the sesquihydrate increases with increasing relative humidity. While the heating 
period is variable according to the humidity, heating temperature, etc., it takes 30 minutes to 5 weeks to 
complete the transformation. Especially when the reaction is carried out with heating in an autoclave in the 
presence of moisture, the sesquihydrate is prepared in shorter periods. The resulting product is dried at a 
temperature below 80°C for elimination of the adhering water to give the final product. 

25 ii) The anhydrous AT-2266 or the trihydrate is suspended in water kept at a temperature above about 
60°C and is sufficiently contacted with water to give the sesquihydrate, too. The heating period, depending 
on the temperature, is usually 10 minutes to 5 hours. The reaction is preferably carried out with stirring to 
accelerate the transformation. The resulting crystals are separated from the solvent and dried in the same 
way as described above to give the final product 

30 iii) The anhydrous AT-2266 or the trihydrate is dissolved in an aqueous alkaline solution or acidic 
solution, and the solution is neutralized with an acid or alkali on heating at a temperature above about 60°C 
to give the sesquihydrate as crystals. It is preferable to keep the suspension heating for a while after 
neutralization. The resulting product is separated from the solvent and dried at a temperature below 80 C C to 
give the final product Alternatively, a salt of the AT-2266 (sodium salt, hydrochloride, acetate, 

35 methanesulfonate, etc.) prepared separately may be used as the starting material. In this case the salt is 
dissolved in water, and the solution is kept at a temperature above about 60°C and neutralized with an acid 
or alkali in the same way as described above to give the sesquihydrate. 

The starting materials used in the above methods except the salt may be a mixture of the anhydrous 
form and the trihydrate or the trihydrate with adhering water. 

40 The sesquihydrate is prepared as mentioned above, and theoretically the mechanism of formation of 
the sesquihydrate will be understood from the water solubility curves shown in Figure 1. The solubility of 
the AT-2266 • sesquihydrate in water is less than that of the trihydrate at a temperature above about 60°C, 
but at a temperature below about 60°C it is reversed. Therefore, the sesquihydrate is always separated as 
crystals as far as the crystallization is carried out under conditions in which the solubility of the 

45 AT-2266 • sesquihydrate in water is less than that of the trihydrate even if any form of the compounds is 
dissolved in. On the contrary as far as the crystallization is carried out under conditions in which the 
solubility of the AT-2266 - trihydrate is less than that of the sesquihydrate, the trihydrate is always 
separated as crystals, and the sesquihydrate is never produced. 

50 
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(2) The physical properties of the sesqui hydrate are described below in comparison with those of the 
trihydrate and the anhydrate. 
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AT-2266 




m.p. 


sesquihydrate 

99ft 994°^ 


anhydrate 

oon 99/r°p 

c£S3 — MA O 


trihydrate 

oon 99d°P 


10 


elemental 
analysis 


corresponding to 
C l5 H 17 N 4 0 3 F 
• 1.5H 2 0 


corresponding to 
C 15 H 17 N 4 0 3 F 


corresponding to 
C 1S H 17 N 4 0 3 F 
3H 2 0 


15 


IR spectrum 
(KBr) 


shown in 
Fig. 2 


shown in 
Fig. 3 


shown in 
Fig. 4 




thermal* 
analysis 


shown in 
Fig. 5 


shown in 
Fig. 6 


shown in 
Fig. 7 


20 


X-ray 
diffraction 


shown in 
Table 1 


shown in 
Table 2 


shown in 
Table 3 



* Experimental conditions of thermal analysis: 
Sample weight: 

11.70 mg (sesquihydrate) 

9.80 mg (anhydrate) 

10.81 mg (trihydrate) 
Heating rate: 

5°C/min. ■ . - 

Atmosphere: 

in the air 
Standard substance: 

a-AI 2 0 3 

TABLE 1 

X-ray powder diffraction of the AT-2266 • sesquihydrate 



40 



45 



50 



55 



26 


l/lo 


26 


l/lo 


7.9 


1.00 


20.9 


0.28 


10.3 


0.20 


21.3 


0.09 


11.1 


0.13 


22.5 


0.07 


11.6 


0.09 


23.7 


0.13 


13.0 


0.26 


24.2 


0.24 


13.5 


0.40 


25.6 


0.74 


15.9 


0.55 


26.4 


0.07 


17.6 


0.06 


27.3 


0.12 


19.3 


0.26 


29.9 


0.12 



Experimental conditions: 
Cu(Ka, A=1.5405A): Ni, 

Electric power source: 
15 KV, 20 mA 
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TABLE 2 

X-ray powder diffraction of the anhydrous AT-2266 



10 



15 



20 



25 



30 



35 



40 



45 



Experimental conditions: 
same as in Table 1 



28 


. l/lo 


26 


l/lo 


10.1 


0.10 


22.4 


0.25 


11.1 


0.62 


23.3 


0.28 


14.7 


1.00 


24.4 


0.87 


17.2 


0.30 


26.1 


0.28 


19.8 


0.30 


27.3 


0.08 


20.4 


0.21 


28.6 


0.10 


21.4 


0.13 


29.3 


0.08 


21.9 


0.13 






TABLE 3 

' powder diffraction of the AT-2266 ■ trihyd 


26 


l/lo 


26 


l/lo 


10.1 


1.00 


24.1 


0.47 


12.9 


0.14 


24.6 


0.17 


15.7 


0.17 


25.1 


0.40 


18.4 


0.09 


26.3 


0.24 


19.4 


0.13 


27.4 


0.12 


19.7 


0.15 


28.0 


0.12 


20.7 


0.12 


28.5 


0.15 


22.1 


0.05 


29.1 


0.08 


22.7 


0.07 


29.5 


0.10 



50 Experimental conditions: 
same as in Table 1 



As the result of thermal analysis of each powdered compound, the differential thermal analysis 
diagram of the anhydrate shows a single endothermic peak at 224°C (melting with decomposition). The 

55 differential thermal analysis diagram of the trihydrate shows two endothermic peaks at 47°C— 86°C (lower 
temperature side peak) and at the same temperature as that of the anhydrate (higher temperature side 
peak) and the thermal change at the lower temperature accompanies the release of its water of 
crystallization and at that temperature the thermogravimetric diagram gives a decrease of weight 
corresponding to three mols water (-14.4%). The differential thermal analysis diagram of the 

60 sesquihydrate shows two endothermic peaks at 90°C— 115°C (lower temperature side peak) and at the 
same temperature as that of the anhydride (higher temperature side peak) and the thermal change at the 
lower temperature accompanies the release of water of crystallization and at that temperature the thermal 
diagram gives a decrease of weight corresponding to 1.5 mols water (-7.8%). Some of these results are 
shown in Figures 5, 6 and 7. 

65 As shown in X-ray powder diffraction spectrum (Tables 1, 2 and 3), characteristic peaks of the 
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sesquihydrate are 7.9°, and 25.6° at 29, those of the anhydrate are 1 1.1°, 14.7° and 24.4° at 29, and that of the 
trihydrate is 10.1° at 29. Judging from their spectrum, these compounds are recognized to have clearly 
different crystal structures from each other. 

As shown in the above data, the compound of the present invention, i.e. the sesquihydrate, is not an 
s amorphous form of hydrate and further it is undoubtedly different from the trihydrate as well as from the 
anhydrate. From the results of the thermal analysis, etc., moreover, it is also found that the sesquihydrate is 
neither an intermediate of the transition from the anhydrate to the trihydrate nor from the trihydrate to the 
anhydrate. 

10 (3) The stability of the AT-2266 • sesquihydrate is explained below, 
i) Effect of light 

The colouring degree [colour difference AE (L, a, b}] of the each powder exposed to light of a 
fluorescent lamp was measured agingly. The results are shown in the following Tables. 



is TABLE 4 





30 min 


2 hrs. 


3 hrs. 


7 hrs. 


11 hrs. 


28 hrs. 


sesquihydrate 


1.0 


2.3 


3.0 


4.3 


5.2 


8.4 


anhydrate 


8.7 


13.7 


15.4 


18.4 


19.4 


22.0 


trihydrate 


3.0 


6.7 


7.6 


11.1 


13.0 


19.2 



Experimental conditions: 



Light; 5,000 lux (fluorescent light: FL-10W, Toshiba). Hunter's colour differences AE (L, a, b) 
accepted by National Bureau of Standard were measured by a colour differences-photometer 
(Digital colour computer CD-SCH-1: Suga test machine) 
The tests were carried out with the tablets prepared by Example A and Reference Example 1 in the 
same way and under the same conditions as above. The results are shown in the following Table. 



TABLE 5 



40 





1 hr. 


5 hrs. 


10 hrs. 


20 hrs. 


40 hrs. 


sesquihydrate-tablet 


1.0 


3.4 


4.9 


8.0 


12.5 


anhydrate-tablet 


10.3 


16.2 


19.2 


23.0 


27.2 



As shown in the above test results the sesquihydrate is extremely superior to the anhydrate and the 
trihydrate in respect of the stability to light. 

45 ii) Effect of heat 

Each compound (1 g; net weight) was put in a drying chamber keeping at 70, 50 or 40°C, and the weight 
of the samples was measured agingly. The results are shown in the following Tables 6, 7 and 8. 

TABLE 6 

so (at 70°C) 





1 hr. 


3 hrs. 


7 hrs. 


sesquihydrate 


0.5% 


1.3 


1.9 


trihydrate 


14 


14 


14 


anhydrate 


0 


0 


0 
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TABLE 7 
(at 50°C) 





2 hrs. 


6 hrs. 


10 hrs. 


sesqui hydrate 


0% 


0 


0 


tri hydrate 


13 


14 


14 


anhydrate 


0 


0 


0 



TABLE 8 
(at 40X) 





2 hrs. 


9 hrs. 


26 hrs. 


50 hrs. 


sesquihydrate 


0% 


0 


0 


0 


tri hydrate 


1.6 


2.5 


8.8 


14.5 


anhydrate 


0 


0 


0 


0 



The numerical figures in the above Tables show a decrease of weight in percentage from the starting 
weight. As shown in the test results above it is found that the trihydrate decreases its weight equivalent to 
three molecules of water of crystallization in a short time, whereas the sesquihydrate does not show any 
change of weight Therefore, the sesquihydrate is relatively stable to heat as well as the anhydrate. 



30 iii) Effect of humidity 

Each crystal was left in desiccators adjusted to the desired humidities by saturated solution of 
electrolytes** at 30°C. The changes of weight were measured agingly. 

The results are shown in Table 9 on the sesquihydrate, Table 10 on the anhydrate and Table 1 1 on the 
trihydrate. 



TABLE 9 
AT-2266 • sesquihydrate 





relative 










40 


humidity 


one day 


7 days 


21 days 


41 days 




90.5% 


+ 1.2% 


+1.5 


+1.5 


+1.4 




75.2 


+1.2 


+1.6 


+1.4 


+ 1.4 


45 


59.4 


+0.2 


+0.5 


+0.5 


+0.6 




46.7 


-0.1 


-0.1 


-0.1 


-0.1 


50 


0,0 


-0.2 


-0.2 


-0.2 


-0.3 



+ : increase 
— : decrease 



55 



60 

** Relative humidity 90.5%— KN0 3 
Relative humidity 75.2%— NaCI 
Relative humidity 59.4%— NH 4 N0 3 
Relative humidity 46.7%— Ca(N0 3 ) 2 
65 Relative humidity 0.0% — silicagel 
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TABLE 10 
Anhydrous AT-2266 





relative 










9 


i iui I liuiiy 


UNO Udy 


2 days 


5 days 






90.5% 


+15.6% 


+15.6 


+15.6 


+15.6 




75.2 


+8.9 


+14.8 


+15.5 


+15.2 


10 














59.4 


+4.4 


+11.0 


+14.2 


+15.9 




46.7 


-0.5 


-0.5 


-0.6 


-0.4 


15 


0.0 


0.0 


0.0 


-0.1 


-0.1 



+: increase 
-: decrease 

20 

TABLE 11 
AT-2266 • trihydrate 





relative 










25 


humidity 


2 days 


6 days 


14 days 


28 days 




90.5% 


0.0% 


+0.2 


+0.2 


+0.2 




75.2 


0.0 


0.0 


+0.1 


+0.1 


30 














59,4 


-0.1 


-0.1 


-0.1 


-0.1 




46.7 


-0.2 


-0.3 


-0.1 


-0.1 


35 


0.0 


-5.0 


-9.3 


-14.2 


-14.2 



+: increase 
— : decrease 

40 

As shown above, the sesquihydrate does not practically absorb nor desorb water in the range from 
lower to higher humidity. On the other hand, the anhydrate evidently absorbs water under high humidity 
and the trihydrate releases water under low humidity. 

From the results of thermal analysis and X-ray powder diffraction of each compound in the state of 
4s equilibrium between absorption and release of water the crystalline anhydrate and the crystalline 
trihydrate are convertible into each other, but the sesquihydrate is not converted into any form. It is found 
therefore that the sesquihydrate is not so affected by any change of humidity, whereas the anhydrate and 
the trihydrate are affected significantly. 

50 (4) Dissolution rate 

The dissolution rate of each powdered compound was measured, and the results are shown below. 
Test method; 

The dissolution tests were carried out with powdered samples, equivalent to 100 mg of the anhydrous 
55 AT-2266, in one liter of medium*** kept at 37±2°C with stirring by two bladed paddle (50 rpm). At regular 
intervals, 3 ml of the solution was taken. After removal of insoluble material by filtration, 1 ml of filtrate was 
diluted with 9 ml of 0.1 N hydrochloric acid. The dissolution rate of the materials were calculated from 
measurement of absorption of the solution at 266 nm with EJU m =1.3x10 3 . 

60 

*** pH 1.2 solution; The first fluid defined in the disintegration test method in the Japanese 

Pharmacopoeia (9th Edition) 
pH 5 solution; The solution adjusted to pH 5 prepared with the first fluid and the second fluid defined 
55 in the disintegration test method in the Japanese Pharmacopoeia (9th Edition) 
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Preparation method of the first and second fluids; 

First fluid: Dissolve 2.0 g of sodium chloride in 24.0 ml of dilute hydrochloric acid and add sufficient 
water to make 1000 ml. This solution is transparent and colorless and its pH is about 1.2. 

Second fluid: Dissolve 35.8 g of disodium hydrogen phosphate in 6.0 ml of dilute hydrochloric acid and 
s add sufficient water to make 1000 ml. This solution is transparent and colorless and its pH is about 7.5. 



TABLE 12 
Rate of dissolution in water 



75 





2 min. 


5 min. 


10 min. 


15 min. 


30 min. 


sesquihydrate 


72% 


99 


100 






anhydrate 


1 


8 


10 


15 


27 


trihydrate 


85 


96 


98 


100 





TABLE 13 

Rate of dissolution in the pH 5 solution 



25 





2 min. 


5 min. 


10 min. 


15 min. 


30 min. 


sesquihydrate 


85% 


100 








anhydrate 


2 


10 


14 


19 


35 


trihydrate 


85 


98 


100 







TABLE 14 

Rate of dissolution in the pH 1.2 solution 



35 



40 





2 min. 


5 min. 


10 min. 


sesquihydrate 


98% 


99 


100 


anhydrate 


81 


89 


94 


trihydrate 


89 


100 





The dissolution rate was also measured with the tablets prepared by Example A and Reference 
Example 1 according to the method described above. The results are shown below. 



TABLE 15 



50 



55 





2 min. 


5 min. 


10 min. 


15 min. 


30 min. 


sesquihydrate 
-tablet 


water 


44% 


76 


90 






pH 1.2 
solution 


97 


100 








anhydrate 
-tablet 


water 




11% 


23 


40 


70 


pH 12. 
solution 




28 


50 


68 


100 



As shown in the above Table, the sesquihydrate dissolves more rapidly than the anhydrate. In the form 
of tablets the same tendency is observed. 

In addition, the times of disintegration of the tablets containing the sesquihydrate and the anhydrate 
respectively were measured by the disintegration method for tablets defined in the Japanese 
Pharmacopoeia, and from the results it is found that the former disintegrates more rapidly than the latter. 
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(5) Rate of transference into blood 

The sesquihydrate, the trihydrate and the anhydrate in the form of capsules were each orally 
administered to beagle dogs. The blood was collected by vein puncture at regular intervals after 
administration, and the drug concentration in plasma was measured. From the results it is found that the 
5 sesquihydrate is transferred into blood at the same level as the trihydrate, but the sesquihydrate is much 
more transferred into blood than the anhydrate. 

The antibacterial activities in vitro and in vivo of the sesquihydrate are essentially same with those of 
the known AT-2266. 

Doses of the sesquihydrate of this invention may vary with the age, body weight and conditions of the 

70 subjects, the administration route, the number of administrations or the like, but is in the range of 1 .7 to 1 20 
mg per kilogram of body weight per day, preferably 3.5 to 80 mg per kilogram of body weight per day, for 
administration to man. The dose may be divided and administered in two to several times per day. The 
administration route is preferably oral. 

The sesquihydrate of the present invention can be administered as it is, but usually in the form of a 

is pharmaceutical preparation with pharmaceutical acceptable carriers or adjuvants. Specific examples are 
tablets, capsules, granules, fine granules, powders, etc. These pharmaceutical preparations are prepared in 
accordance with a customary manner. The adjuvants and carriers are those which are usually used in the 
field of pharmaceutical preparation and do not react with the compounds of the present invention. These 
adjuvants and carriers are preferably solid and exemplified by conventional materials such as starch, 

20 mannitol, crystalline cellulose, sodium carboxymethylcellulose, or the like. 

The pharmaceutical preparation of this invention, for example tablets and capsules, may contain about 
10 to about 700 mg, generally 50 to 500 mg of the sesquihydrate of this invention, per tablet or capsule. 
These amounts are not critical, and may be varied according to whether the required amount of the 
sesquihydrate of this invention is administered at a time or dividedly. 

25 The present invention is illustrated by the following Examples and Reference Examples. 

Example 1 

The anhydrous AT-2266 (18 g) was left in a humidity oven (70°C, relative humidity 90%) for 20 hours in 
order to transform the crystalline form, and the resulting crystals were dried at 70— 80°C for elimination of 
30 the adhering water to give the AT-2266 • sesquihydrate (20 g). m.p. 220— 224°C. 

Elementary Analysis (as C 15 H 17 N 4 0 3 F • 1.5H 2 0) 





C 


H 


IM 


F 


Calculated value (%) 


5T.87 


5.80 


16.13 


5.47 


Found value (%) 


51.88 


5.69 


16.14 


5.78 



The crystals were identified as the AT-2266 • sesquihydrate from IR spectrum, thermal analysis and 
X-ray powder diffraction. 

40 

Example 2 

Twenty gram of AT-2266 ■ sesquihydrate was obtained from 22 g of AT-2266 • trihydrate in the same 
way as Example 1. 

45 Example 3 

About 1 0 g of anhydrous AT-2266 • trihydrate was suspended in water (50 ml) kept at 70°C with stirring. 
To the suspension were seeded about 0.1 g of the crystalline AT-2266 • sesquihydrate, followed by stirring 
for about one hour. The resulting crystals were collected by filtration on heating and the crystals were dried 
for 2 hours for elimination of the adhering water to give the AT-2266 • sesquihydrate. 

50 

Example 4 

Ten gram of anhydrous AT-2266 was suspended in water (100 ml) and the suspension was heated at 
80°C with stirring and kept at 80°C for 20 minutes. The resulting crystals were collected by filtration and 
dried over anhydrous calcium chloride in a desiccator for one hour to give 10.7 g of the AT- 
55 2266 • sesquihydrate. 

Example 5 

About 10 g of anhydrous AT-2266 or trihydrate was dissolved into 1.5% aqueous sodium hydroxide 
(150 ml). The solution was heated to 70°C and neutralized with 30% acetic acid which was warmed to 70°C 
50 previously. The precipitate was collected by filtration and dried at 70 — 80°C for elimination of the adhering 
water to give the AT-2266 - sesquihydrate. 

Example 6 

AT-2266 • trihydrate was sealed in an ampoule and kept at 60 to 62°C for a week. Wet powders were 
55 dried at 70 to 80 C C for elimination of the adhering water to give the AT-2266 • sesquihydrate. 
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Example 7 

AT-2266 • trihydrate was kept at 121°C in an autoclave for an hour. Wet powders were dried at 70 to 
80°C for elimination of adhering water to give the AT-2266 • sesquihydrate. 

5 Example 8 

AT-2266 • trihydrate or anhydrate was kept in a chamber into which vapor steam (about 110°C) was 
blown for an hour. Wet powders were dried at 70 to 80"C for elimination of adhering water to give the 
AT-2266 • sesquihydrate. 

10 Example 9 

About 10 g of AT-2266 • hydrochloride was dissolved to hot water (about 70°C) and the solution was 
neutralized with 15% aqueous solution of sodium hydroxide which was warmed to 70°C previously. The 
precipitate was collected by filtration and dried at 70 to 80 Q C for elimination of adhering water to give the 
AT-2266 • sesquihydrate. 

15 

Example 10 

AT-2266 • anhydrate (20 g: 60.8 m moles) and water (1.7 g: 94.4m moles) were sealed in an ampoule 
and kept at 70°C for 24 hours to give the AT-2266 • sesquihydrate. 

20 Example 11 

AT-2266 • trihydrate was left in a humidity oven (70°C, relative humidity 30%) for 4 weeks in order to 
transform the crystalline form, and the resulting crystals were dried at 70—80°C for elimination of the 
adhering water to give the AT-2266 • sesquihydrate. 

25 Example 12 

AT-2266 • trihydrate was sealed in an ampoule and kept at 160°C for an hour. Wet powders were dried 
at 70 to 80°C for elimination of the adhering water to give the AT-2266 • sesquihydrate. 



30 
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Example A 

The AT-2266 • sesquihydrate (217 g), corn starch (108 g), calcium carboxymethylcellulose (10 g) and 
hydroxypropylcellulose (5 g) were kneaded together with water. The mixture was dried at 60°C and 
screened. The granules were further mixed with magnesium stearate (7 g) and light anhydrous silicic acid 
(3 g) to give granules for tableting. The granules were compressed into tablets each having a weight of 175 
mg and containing 108.5 mg of AT-2266 • sesquihydrate. 
hardness: 
11 kg 
disintegration times: 

1 min (water) 

2 min (1st fluid) 

40 Example B 

AT-2266 ■ sesquihydrate (217 g), lactose (88 g), com starch (88 g) and magnesium stearate (7 g) were 
mixed to give powders. The powders were filled up into capsules (No. 3) to give capsules each containing 
200 mg of AT-2266 - sesquihydrate. 
disintegration time: 
45 10 min. (water) 

Example C 

In a pony mixer, AT-2266 ■ sesquihydrate (108 g), lactose (400 g), corn starch (462 g) and 
hydroxypropylcellulose (30 g) were kneaded together with water. The mixture was formed into granules 
using ECK pelleter with screen diameter 0.45 mm (Fuji Powdal). After drying at 60°C the granules were 
screened with a twin rotor to give fine granules containing the AT-2266 • sesquihydrate. 

Example D 

By coating tablets prepared by Example A with hydroxypropylcellulose, there were obtained 
film-coated tablets containing the AT-2266 • sesquihydrate. 

55 

Reference Example 1 

The anhydrous AT-2266 (200 g), corn starch (130 g), calcium carboxymethylcellulose (10 g) were 
kneaded together with water. After drying in air-fluidized bed at 60°C the mixture was screened. To the 
granules were added magnesium stearate (7 g), light anhydrous silicic acid (3 g) to give granules. The 
60 granules were compressed into tablets each weighing 175 mg containing 100 mg of anhydrous AT-2266. 
hardness: 

11.2 kg 
disintegration times: 
30 min. (water) 
65 20 min. (1st fluid) 
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Reference Example 2 

2,6-Dichloro-3-nitropyridine was reacted with N-ethoxycarbonylpiperazine to give 6-chloro-2-(4- 
ethoxycarbonyl-1-piperazinyl)-3-nitropyridine. The product, without purification was heated with ethanolic 
ammonia in an autoclave at 120 — 125°C to give 6-amino-2-(4-ethoxycarbonyl-1-piperazinyl)-3-nitropyridine 

5 (mp. 132 — 134°C), which was treated with acetic anhydride in acetic acid to give 6-acetylamino-2-(4- 
ethoxycarbonyl-1-piperaziny|)-3-nitropyridine (mp. 168— 169°C). This compound was catalytically 
hydrogenated in the presence of 5% palladium-carbon in acetic acid to yield 3-amino-6-acetylamino-2-(4- 
ethoxycarbonyl-1-piperazinyl)pyridine. The obtained 3-amino derivative, without further purification, was 
dissolved in a mixture of ethanol and 42% tetrafluoroboric acid, and to this solution was added a solution 

w of isoamyl nitrite in ethanol at below 0°C with stirring. Twenty minutes later, ether was added to the 
. solution. The resulting precipitate was collected by filtration and washed with a mixture of methanol and 
ether and then with chloroform to yield 6-acety{amino-2-(4-ethoxycarbonyM-piperazinyl)-3-pyridine 
diazonium tetrafluoroborate; mp. 117— 117.5°C (dec). 

A suspension of the diazonium salt in toluene was gradually heated and kept at 120°C (bath temp.) for 

is 30 minutes with stirring. After evaporation of the solvent under reduced pressure, the residue was made 
into alkaline with 10% sodium carbonate and then extracted with chloroform. The chloroform extract was 
dried over anhydrous potassium carbonate. After evaporation of the solvent, the crystalline residue was 
recrystallized from ethyl acetate to give 6-acetylamino-2-(4-ethoxycarbonyl-1-piperazinyl)-3-fluoropyridine 
(mp. 132— 133°C). 

20 The 3-fluoro derivative was hydrolyzed with a mixture of 1 5% hydrochloric acid and methanol (1 :2 v/v) 
to give 6-amino-2-(4-ethoxycarbonyi-1-piperazinyl)-3-fluoropyridine. This compound was treated with 
diethyl ethoxymethylenemalonate at 130— 140°C to give diethyl N-[2-(4-ethoxycarbonyl-1-piperazinyl)-3- 
fluoro-6-pyridinyl] aminomethylenemalonate (mp. 144— 145°C) and then the product was cyclized by 
heating at 255°C to give ethyl 7-(4-ethoxycarbonyl-1-piperazinyl)-6-fluoro-1,4-dihydro-4-oxo-1,8- 

25 naphthyridine-3-carboxylate (mp. 279— 281 °C. 

The carboxylate (1.0 g) was suspended in dimethyiformamide (10 ml) and to the suspension was 
added potassium carbonate (0.53 g). After the mixture was kept at 60°C for 10 minutes with stirring, ethyl 
iodide (1.2 g) was added to the solution. The mixture was stirred for 2 hours at 60 — 70°C. The reaction 
mixture was concentrated to dryness under reduced pressure, and water was added to the residue. After 

30 extraction with chloroform, the chloroform extract was dried over anhydrous potassium carbonate. After 
removal of the chloroform by distillation under reduced pressure, the resulting precipitate was 
recrystallized from a mixture of dichloromethane and n-hexaneto give 0.89 g of ethyl l-ethyl-e-fluoro-1,4- 
dihydro-4-oxo-7-(4-ethoxycarbonyl-1-piperazinyl)-1,8-naphthyridine-3-carboxylate (mp. 171 — 173°C). 
A mixture of the above ethyl ester (0.8 g), 10% sodium hydroxide (6 ml) and ethanol (2 ml) was refluxed 

35 by heating for 3 hours. After cooling, the solution was adjusted to pH 7.0—7.5 with 10% acetic acid. The 
precipitate was collected by filtration, washed with ethanol, recrystallized from a mixture of dimethyi- 
formamide and ethanol and dried at 110°C to give the anhydrous AT-2266 [1-ethyl-6-fluoro-1,4-dihydro-4- 
oxo-7-(1-piperazinylH,8-naphthyridine-3-carboxylic acid], mp. 220— 224°C. 

4o> Elementary analysis (as C 15 H l7 N 4 0 3 F): 





C 


H 


N 


F 


Calculated value (%): 


56.24 


5.35 


17.49 


5.93 


Found value (%) 


56.06 


5.32 


17.62 


5.93 



The crystals were identified as the anhydrous AT-2266 from IR spectrum, thermal analysis and X-ray 
powder diffraction. 

Reference Example 3 

so The anhydrous AT-2266 prepared by Reference Example 2 was suspended in water and the suspension 
was stirred at room temperature. The resulting crystals were collected by filtration and dried at 35°C for 
elimination of the adhering water to give the AT-2266 • tri hydrate, mp. 220— 224°C. 

Elementary analysis (as C 15 H 17 IM40 3 F • 3H 2 0): 

55 

C H N F 

Calculated value (%): 48.12 6.19 14.97 5.08 

Found value (%) 48.09 6.04 14.95 5.36 

60 

The crystals were identified as the AT-2266 • trihydrate from IR spectrum, thermalanalysis and X-ray 
powder diffraction. 

Reference Example 4 

65 The anhydrous AT-2266 prepared by Reference Example 2 or the AT-2266 • trihydrate prepared by 
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Reference Example 3 was dissolved in 5% hydrochloric acid and the solution was concentrated to dryness 
under reduced pressure. The residue was recrystallized from water to give the AT-2266 • hydrochloride, 
mp. above 300°C (dec). 

Reference Example 5 

The anhydrous AT-2266 prepared by Reference Example 2 or the AT-2266 • trihyd rate prepared by 
Reference Example 3 was dissolved in 7% methanesutfonic acid solution on heating- After cooling, the 
precipitate was recrystallized from diluted methanol to give a methanesulfonic acid salt of the AT-2266, mp. 
above 300°C (dec). 

Claims 

1. 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7^ acid sesqui- 

hydrate. , . « - « 

15 2. A process for the preparation of 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-1,8- 
naphthyridine-3-carboxylic acid sesquihydrate which comprises heating 1-ethyl-6-fluoro-1,4-dihydro-4- 
oxo-7-(1-piperazinyl)-1,8-naphthyridine-3-carboxylic acid in the form of the anhydrate, the trihydrate or a 
salt thereof at a temperature above about 60°C in the presence of water in an amount enough to form the 
sesquihydrate. 

20 3. A process according to Claim 2 modified in that the trihydrate is treated at a temperature above 
about 60°C in a sealed vessel in the absence of water. 

4. A process according to Claim 2 wherein the starting compound is the trihydrate. 

5. A process according to Claim 2, wherein the starting compound is the anhydrate. 

6. A process according to Claim 4 or 5, which comprises heating the starting compound at a 
25 temperature above about 60°C and a relative humidity above 30%. 

7. A process according to Claim 6 which is carried out under a relative humidity above 80%. 

8. A process according to Claim 4 or 5, which comprises suspending the starting compound in water 
and heating the suspension at a temperature above about 60°C. 

9. A process according to Claim 4 or 5 which comprises dissolving the starting compound in an 
30 aqueous alkaline solution or aqueous acidic solution, and neutralizing the solution by addition of an acid or 

alkali, while keeping it at a temperature above about 60°C. 

10. A process according to Claim 2 which comprises dissolving a salt of 1-ethyl-6-fiuoro-1,4-dihydro-4- 
oxo-7-(1-piperazinylM,8-naphthyridine-3-carboxylic acid in water, and neutralizing the solution by addition 
of an acid or alkali, and keeping it at a temperature above about 60°C. 

35 11. A process according to Claims 2 to 7 wherein the heating temperature is from above about 60°C to 
about 160°C. 

12. A process according to Claims 2 to 7 wherein the heating temperature is from 61°C to about 130°C. 

13. A process according to Claims 2 to 10 wherein the heating temperature is from about 70 to about 
100°C. 

40 14. A process according to Claims 2, 4, 5, 6 or 7 which is carried out under pressure. 

15. A process according to Claim 14 wherein the heating temperature is from 100°C to about 160°C. 

16. The sesquihydrate as defined in Claim 1 for use as an antibacterial agent. 

17. A pharmaceutical composition comprising as an active ingredient the sesquihydrate as defined in 
Claim 1, mixed with a non-toxic pharmaceutical^ acceptable adjuvant or carrier. 

18. A process for preparing a pharmaceutical composition as defined in Claim 17, which comprises 
mixing the sesquihydrate as defined in Claim 1 with a non-toxic pharmaceuticaily acceptable adjuvant at a 
temperature below about 90°C. 
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Patentanspruche 
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1. l-Ethyl-6-fluor-1,4-dihydro-4-oxo-7-(^ 

2. Verfahren zur Herstellung von 1-Ethyl-6-fiuo-1,4-dihydro-4-oxo-7-(1-piperazinyl)-1,8-naphthyridin-3- 
carbonsaure-sesquihydrat, gekennzeichnet durch die Erhitzung von 1-Ethyl-6-fluor-1,4~dihydro-4-oxc~7-(1- 
piperazinyl)-1,8-naphthyridin-3-carbonsaure, als Trihydrat oder Salz bei einer Temperatur uber etwa 60°C 

55 in Gegenwart einer fur die Bildung des Sesquihydrats ausreichenden Menge an Wasser. 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB das Trihydrat bei einer Temperatur uber 
etwa 60°C in einem verschlossenen Gefafc in Abwesenheit von Wasser behandeit wird. 

4. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dafc die Ausgangsverbindung das Trihydrat 

ist. 

eo 5. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB die Ausgangsverbindung das Anhydrat 

ist. . . 

6. Verfahren nach Anspruch 4 oder 5, dadurch gekennzeichnet, daB die Ausgangsverbindung bei einer 
Temperatur uber etwa 60°C und einer relativen Feuchtigkeit von uber 30% erhitzt wird. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB es bei einer relativen Feuchtigkeit von 
65 Qber 80% durchgefuhrt wird. 
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8. Verfahren nach Anspruch 4 oder 5, dadurch gekennzeichnet, dafc die Ausgangsverbindung in 
Wasser suspendiert und die Suspension bei einer Temperatur uber etwa 60°C erhirtzt wird. 

9. Verfahren nach Anspruch 4 oder 5, dadurch gekennzeichnet, dafc die Ausgangsverbindung in einer 
wafcrigen alkalischen Losung oder einer wafcrigen sauren Losung gelost wird und die Losung durch 

5 Zugabe einer Saure oder Base neutralisiert wird, wobei die Temperatur uber etwa 60°C gehalten wird. 

10. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB ein Salz der 1-Ethy!-6-fluor-1,4-dihydro- 
4-oxo-7-(1-piperazinylJ-1,8-naphthyridin-3-carbonsaure in Wasser geidst wird und die Losung durch 
Zugabe einer Saure oder Base neutralisiert und bei einer Temperatur uber etwa 60°C gehalten wird. 

11. Verfahren nach einem der Anspruche 2 bis 7, dadurch gekennzeichnet, daB die Erhitzungs- 
io temperatur von uber etwa 60°C bis etwa 160°C betragt. 

12. Verfahren nach einem der Anspruche 2 bis 7, dadurch gekennzeichnet, daB die 
Erhitzungstemperatur von 61°C bis etwa 130°C betragt. 

13. Verfahren nach einem der Anspruche 2 bis 10, dadurch gekennzeichnet, daB die Erhitzungs- 
temperatur von etwa 70 bis etwa 100°C betragt 

/5 14. Verfahren nach einem der Anspruche 2, 4, 5, 6 oder 7, dadurch gekennzeichnet, daB es unter Druck 
durchgefuhrt wird. 

15. Verfahren nach Anspruch 14, dadurch gekennzeichnet, daB die Erhitzungstemperatur von 100°C bis 
etwa 160°C betragt. 

16. Sesquihydrat gemaB Anspruch 1 zur Verwendung ais antibakterielies Mittel. 

20 17. Pharmazeutische Zusammensetzung, gekennzeichnet durch das Sesquihydrat gemaB Anspruch 1 
als Wirkstoff in Kombination mit einem nicht toxischen, pharmazeutisch vertraglichen Hilfsmittel oder 
Trager. 

18. Verfahren zur Herstellung der pharmazeutischen Zusammensetzung gemaB Anspruch 17, dadurch 
gekennzeichnet, daB das Sesquihydrat gemaB Anspruch 1 mit einem nicht toxischen, pharmazeutisch 
25 vertraglichen Hilfsmittel bei einer Temperatur unter etwa 90°C vermischt wird. 

Revendications 

1. Sesquihydrate de I'acide l-ethyl 6-fluoro 1,4-dihydro 4-oxo 7-(1-piperazinyl) 1,8-naphtyridine 
30 3-carboxyIique. 

2. Procede de preparation du sesquihydrate de I'acide 1-ethyl 6-f!uoro 1,4-dihydro 4-oxo 7-(1- 
piperazinyl) 1,8-naphtyridine 3-carboxylique caracterise en ce qu'il comporte le chauffage de I'acide I'ethyl 
6-fluoro 1,4-dihydro 4-oxo 7-(1-piperazinyl) 1,8-naphtyridine 3-carboxyiique sous la forme de son 
anhydrate, de son trihydrate ou d'un de ses sels, a une temperature superieure a 60°C environ, en presence 

35 d'eau en quantite suffisante pour former le sesquihydrate. 

3. Procede selon la revendication 2, caracterise en ce que le trihydrate est traite a une temperature 
superieure a 60°C environ dans un reacteur scelle, en I'absence d'eau. 

4. Procede selon la revendication 2, caracterise en ce que le compose de depart est le trihydrate. 

5. Procede selon la revendication 2, caracterise en ce que le compose de depart est I'anhydrate. 
40 6. Procede selon la revendication 4 ou 5, caracterise en ce qu'il comporte le chauffage du compose de 

depart a une temperature superieure a 60°C environ et a une humidite relative superieure a 30%. 

7. Procede selon la revendication 6, caracterise en ce qu'il est conduit a une humidite relative 
superieure a 80%. 

8. Procede selon la revendication 4 ou 5, caracterise en ce qu'il comporte la mise en suspenion du 
45 compose de depart dans I'eau et le chauffage de la suspension a une temperature superieure a 60°C 

environ. 

9. Procede selon la revendication 4 ou 5, caracterise en ce qu'il comporte la dissolution du compose de 
depart dans une solution alcaline aqueuse ou dans une solution acide aqueuse et la neutralisation de la 
solution par addition d'un acide ou d'un alcali, pendant que cette solution est maintenue a une temperature 

so superieure a 60°C environ. 

10. Procede selon la revendication 2, caracterise en ce qu'il comporte la dissolution d'un sel de I'acide 
1-ethyl 6-fluoro 1,4-dihydro 4-oxo 7-(1-piperazinyl) 1,8-naphtyridine 3-carboxylique dans I'eau, et la 
neutralisation de la solution par addition d'un acide ou d'un alcali, et le maintien de cette solution a une 
temperature superieure a 60°C environ. 

55 11. Procede selon I'une des revendications 2 a 7, caracterise en ce que la temperature de chauffage est 
comprise entre une valeur superieure a 60°C environ et 160°C environ. 

12. Procede selon I'une des revendications 2 a 7, caracterise en ce que la temperature de chauffage est 
de 61 °C a 130°C environ. 

13. Procede selon Tune des revendications 2 a 10, caracterise en ce que la temperature de chauffage est 
60 de 70°C environ a 100°C environ. 

14. Procede selon la revendication 2, 4, 5, 6 ou 7, caracterise en ce qu'il est conduit sous pression. 

15. Procede selon la revendication 14, caracterise en ce que la temperature de chauffage est de 100°C a 
160°C environ. 

16. Utilisation du sesquihydrate selon la revendication 1 comme agent antibacterien. 

65 17. Composition pharmaceutique caracterisee en ce qu'elle comprend comme ingredient actif le 
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sesquihydrate selon ta revendication 1, en melange avec un adjuvant ou support non toxique, 
pharmaceutiquement acceptable. 

18. Procide pour la preparation d'une composition pharmaceutique selon la revendication 17, 
caracte>is6 en ce qu'il consiste a melanger le sesquihydrate defini dans la revendication 1 avec un adjuvant 
5 non toxique pharmaceutiquement acceptable a une temperature inferieure a 90°C environ. 
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Fig. I 
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Fig. 2 IR SPECTRUM OF SESQUIHYDRATE 
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Fig. 3 IR SPECTRUM OF ANHYDRATE 
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Fig. 4 IR SPECTRUM OF TRIHYDRATE 
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Fig. 5 



THERMAL ANALYSIS OF SESQUIHYDRATE 
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Fig. 6 

THERMAL ANALYSIS OF ANHYDRATE 



DIFFERENTIAL 
THERMAL ANALYSIS 
DIAGRAM 



^1 



223 °C 



214 °C 



THERMOGRAV I METR I O 
DIAGRAM 



5 



0 058 614 



Fig. 7 

THERMAL ANALYSIS OF TRIHYDRATE 




6 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
J^ADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



